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Introduction and motivation 
Tuning a control loop is the adjustment of its control parameters to the optimum values for the desired control response There is a large number of methods that can be used for tuning.  
O’Dwyer, A. Handbook of Controller Tuning Rules 
Åström, K. J. and Hägglund, T. PID Controllers: Theory, Design and Tuning 
Wastewater treatment plants (WWTP) can be tuned according to any of those methods. They use mostly PI controllers  
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Continuous disturbances in the inflow  
The purpose of this contribution is to use process engineering 
knowledge of WWTP and its influent dynamics to improve the tuning of 
the controllers!  
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Overview of the presentation 
1) Presentation of the WWTP 2) Methodology. Example 3) Process review 4) Open loop analysis 5) Closed loop design 6) Evaluation 7) Conclusion    
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Model WWTP 
Benchmark simulation model 1 
Copp 2002 
Provide basic information about the plant capacity. 
Typically flow rate 
Typical effluent requirement.  
Etc. This is  
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Process review. Screening of disturbances 
Wastewater 
11 variables -soluble inert organic matter    SI  -readily biodegradable substrate   SS  -particulate inert organic matter   XI  -slowly biodegradable substrate  XS  -active heterotrophic biomass   XBH -total ammonium nitrogen   SNH   -soluble biodegradable organic nitrogen  SND -part. biodegradable organic nitrogen  XND -alkalinity    SALK  -total suspended solids   TSS  -total flowrate    Q 
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Process review. Screening of disturbances 
Wastewater 
11 variables -soluble inert organic matter    SI  -readily biodegradable substrate   SS  -particulate inert organic matter   XI  -slowly biodegradable substrate  XS  -active heterotrophic biomass   XBH -total ammonium nitrogen   SNH   -soluble biodegradable organic nitrogen  SND -part. biodegradable organic nitrogen  XND -alkalinity    SALK  -total suspended solids   TSS  -total flowrate    Q 
Sin et al. 2011 
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Process review. Influent characterization & dynamics 
Dry weather 
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Gernaey et al. 2011 
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Process review. Influent characterization 
Thornhill and Horch. 2007 
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Process review. Variable scaling 
Skogestad and Postlethwaite 2007 
A number of criteria used depend critically on the scaling 
MVs      (umax-umin) 
Var. SI (g COD m-3) SS (g COD m-3) XI (g COD m-3) Value 30 65.2 45.6 Var. XS (g COD m-3) XBH (g COD m-3) SNH (g N m-3) Value 193 26.5 30.1 Var. SND (g N m-3) XND (g N m-3) SALK (mol m-3) Value 6.5 10 7 Var. TSS (g COD m-3) Q (m3 d-1) Value 199 18446 Var. DO3 (g O m-3) DO4 (g O m-3) DO5 (g O m-3) Value 0.1 0.1 0.1 Var. kLa3 (d-1) kLa4 (d-1) kLa5 (d-1) Value 360 360 360 
Table 1. Scaling factors used for modelled variables 
CVs      ∆ymax 
Disturbances      
(dmax-dmin) for dry weather, rain and storm weather 
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Process review. Plant linearisation 
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Full
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G =  kla3 kla4 kla5 DO3 47.9 0.92 1.97 DO4 16.7 67.1 5.64 
DO5 15.8 31.7 103 
1
13.8 1s +
Full linear model (96 states) 
Reduced linear model (1 state) 
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Open loop assessment. Disturbances 
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Closed Loop Disturbance Gain (CLDG) 
Hovd and Skogestad  1994 
1
( ) ( ) ( )s s sdCDLG G G G
−= 
CLDG = |δi |< 1   The disturbance effect is lower than ∆ymax 
CLDG = |δi |>1   The disturbance effect is higher than ∆ymax 
Need of control action! 
|gici |>|δi | 
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Open loop assessment. Interactions 
Relative Gain Array (RGA) 
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Process review. Plant linearisation 
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Open loop assessment. Interactions 
Hovd and Skogestad  1992 
Performance Relative Gain Array 
(PRGA) 
1
( ) ( )s sPRGA G G−= Γ = 
Dependent on scaling 
Suitable for one-way interactions  
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Closed loop design. Analysis of tuning parameters 
Vanrolleghem and Gillot 2002 Reported parameters Loop 1 Loop 2 Loop 3 
Kp 0.028 0.028 0.028 
τΙ  (min) 14.4 14.4 14.4 
3 PI controllers 
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Closed loop design. Analysis of tuning parameters 
Hovd and Skogestad  1992 
Loop 2 
Loop 1 
Loop 3 
CLDG for flow disturbance 
CLDG = |δi |>1  at some frequencies 
|gici |>|δi | ? 
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Loop 2 
Loop 1 
Loop 3 
CLDG for flow disturbance 
min |ΜS |∞ = f(Kp,τΙ ) for 
 s.t. |gici |>1.10 |δi |   for  ω < ωB 
Closed loop design. New tuning parameters 
New parameters Loop 1 Loop 2 Loop 3 
Kp 0.056 0.056 0.056 
τΙ  (min) 10.1 10.1 10.1 
13/07/2012 22 
Methodology 
Process review 
Open loop 
assessment 
Closed loop design 
Evaluation 
Implementation 
•Analysis of disturbances  
•Analysis of loop interations 
Methods/steps 
•Screening of disturbances 
•Influent characterization.  Time series 
analysis, spectral decomposition 
•Variable scaling and linearization 
Control objectives 
• Non parametric loop design 
• Tuning of parameters (e.g. PI) 
•Model-based simulation 
•Experimental evaluation 
13/07/2012 23 
Evaluation 
Copp 2002 
7 days dry weather + 7 days storm weather 
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Evaluation 
Copp 2002 
7 days dry weather + 7 days storm weather 
 Integral of absolute error (mgO2 d L-1) Total Variance of MV (d-1) 
  DO3 DO4 DO5 kLa3 kLa4 kLa5 Dryweather influent Vanrolleghem &Gillot(2002) 0.190 0.326 0.315 14.0 31.5 31.3 This work 0.020 0.034 0.032 16.1 35.1 34.7 Storm weather influent Vanrolleghem &Gillot(2002) 0.193 0.313 0.323 13.2 31.5 33.3 This work 0.021 0.032 0.033 15.3 31.5 33.3 
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Conclusions 
We developed a systematic methodology  to formally approach the  tuning of controllers in WWTP It takes into account the knowledge of disturbances in WWTP & user specified performance requirement (DCVs, deltaymax) Information about the inflow  is included to improve the tuning It requires a model. Which is commonly used in WWTPs process design and operation.  It targets mainly existing plants but can be also used at design and planning stage. The newly tuned controller showed superior performance   Some upcoming ideas… Performance evaluation of the control structure including uncertainty, i.e. the combination of sensors and actuators, and how these relate to the control objectives    
Controller tuning in wastewater treatment 
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